ASME OM Code Mandatory Appendix III (Appendix III) [1] for inservice testing of motor-operated valves (MOVs) contains prerequisites for a design basis verification test (DBVT) and preservice test prior to initiating inservice testing. The DBVT has specific requirements that depend on valve type and operational experience and the preservice test must adequately bridge the DBVT and inservice test. In addition, certain replacement, repair, or maintenance activities require an evaluation to determine what aspects (if any) of the DBVT or preservice test require repeat testing and/or engineering analysis to either confirm existing reference values or establish new reference values. Finally, existing testing performed under legacy NRC Generic Letter (GL) 89-10/96-05 MOV Programs or ASME QME-1 functional qualification standard may be credited to satisfy all or a portion of the DBVT and preservice test. The purpose of this paper is to describe, by valve type:
INTRODUCTION
Appendix III specifies the requirements for DBVT, preservice testing, inservice testing, and exercise testing for MOVs. Under paragraph III-3100, it states that the requirements for a DBVT are specified in applicable regulatory documents. A review of MOV testing history shows that the following regulatory documents have identified various aspects of the DBVT:
1. Generic Letter 89-10 [2] , and supplements for safetyrelated MOV testing and surveillance 2. Generic Letter 95-07 [3] for pressure locking and thermal binding 3. Generic Letter 96-05 [4] for periodic verification testing of MOVs 4. Regulatory Issue Summary (RIS) 2000-03 [5] for performance of power-operated valves under design basis conditions 5. NRC Information Notice 2012-14 [6] for acceptable design basis verification test methods 6. Regulatory Guide 1.100 [7] for qualification testing of MOVs under ASME QME-1. Fundamental elements of the regulatory guidance are:
1. Comprehensively review and document the design basis requirements that have an effect on actuator output capability or the valve required thrust or torque. These include system, environmental, and operational/age-related items that affect the valve required thrust or torque and actuator output capability. 2. Perform flow and differential pressure ( The following sections in this paper describe the relationship of the DBVT, preservice test, and inservice test from a system perspective. Use of a system perspective helps define the interactions between the various tests, impact of repair/replacement/maintenance, test data analysis, and test data evaluation.
NOMENCLATURE None

TEST INPUTS AND OUTPUTS
The following sections defines the significant inputs and outputs for the DBVT, preservice, and inservice tests. An understanding of the inputs and outputs identifies the relationship between tests and the specific changes that can affect each of these tests.
DESIGN BASIS VERIFICATION TEST (DBVT)
Inputs to the DBVT include the following items: Determination of valve operating requirements is specified in III-3100 and III-6410. These paragraphs specify the following methods to determine or verify the valve required thrust and/or torque for DBVT purposes:
1. Measurements from dynamic (flow and DP) testing in situ or in a flow loop, along with justification for testing at conditions other than design basis conditions. 2. Justified (or validated) analytical techniques or methods using valve parameters that allow extrapolation to the design basis conditions. 3. Grouping with an engineering evaluation, alternative testing technique, or both, to justify the grouping approach. 4. Engineering evaluation of operating experience for valve types (i.e. ball, plug, and diaphragm valves) where the need for DBVT has not been previously identified.
With the exception of Item 4, these methods are consistent with those previously identified in applicable regulatory documents, such as GL 89-10 (and supplements), IN 2012-14 and RG 1.100 (which references ASME QME-1 qualification testing). IN 2012-14 states that the most preferred methods are in situ testing at or near design basis conditions and validated analytical techniques, such as the EPRI MOV Performance Prediction Method (PPM). The least preferred method is using grouping data from other plants or research programs since such data is typically obtained without 10 CFR 21 reporting requirements (i.e. obtained as non-QA).
Key inputs that define the thrust or torque requirements by valve type are:
1. 
PRESERVICE TEST
Inputs to the preservice test include the following items: 1. Test acceptance criteria, including limiting assumptions that were used to establish the valve required thrust or torque and the actuator output capability. 2. Whether static or DP testing is required. DP testing may be required for certain MOVs where age and service-related degradation has not been quantified (see GL 96-05, Reference 4).
Outputs from the preservice test include the following items:
1. Test conditions, including ambient temperature, system pressure, DP, fluid temperature, and flow rate. These items are needed to ensure that the inservice test is conducted under similar conditions. 2. Test data and test results, which are referred to in Appendix III as IST values or performance test data.
Recording or verification of MOV configuration, such
as the items identified in III-9100. 4. Test analysis and evaluation results per III-6200, III-6300, and III-6400.
Independent review and final records.
MOVs in most legacy GL 89-10/96-05 programs have a "baseline" test that will satisfy most requirements of the Appendix III preservice test. Exceptions include "new scope" MOVs and certain items such as record of test conditions, recording or verification of MOV configuration, and certain aspects of the test analysis and evaluation requirements, which includes determination of functional margin and functional margin degradation.
INSERVICE TEST
Inputs to the inservice test include the following items: 1. Test acceptance criteria, including limiting assumptions used to establish the valve required thrust/torque and the actuator output capability, from the most recent preservice test. 2. Work activity sequencing to ensure no unacceptable preconditioning is performed since the inservice test is to be performed in the as-found condition. 3. Required test conditions from the preservice test.
Recording or verification of MOV configuration, such
Independent review and final records.
Similar to the preservice test, MOVs in most legacy GL 89-10/96-05 programs have "periodic verification" tests that will satisfy most requirements of the Appendix III inservice test. Exceptions include "new scope" MOVs and certain items such as record of test conditions, recording or verification of MOV configuration, and certain aspects of the test analysis and evaluation requirements, which includes determination of functional margin and functional margin degradation.
EFFECT OF REPLACEMENT, REPAIR, OR MAINTENANCE
Changes to any of the inputs that are used to determine the valve required thrust or torque or actuator output capability need to be evaluated for impact on the DBVT or preservice test. Repair, replacement, and modification activities all have the potential to impact one or more of the critical inputs to varying degrees. For example, routine gate valve maintenance to correct excessive seat leakage can have little effect on the valve required thrust if minor lapping is performed. However, if the disk were replaced, or re-oriented for certain gate valves, then a more extensive evaluation is required to ensure that any critical inputs to the thrust calculation are identified and addressed. Depending on the new sealing or wear surface material, disk orientation and changes to critical dimensions and tolerances, follow-up actions can include documenting that there was no effect on the required thrust to revising an EPRI PPM calculation or performing an in-situ DP test. For additional guidance, the JOG MOV PV program identifies "disallowing modifications" that can invalidate a prior valve qualifying basis established based on in situ DP testing and due to changes to in-service operating conditions [8] .
Examples of other, less obvious activities that may be of significance include: 1) revisions to an emergency operating procedure that change the sequence of operating valves in series which increase the DP requirements of an MOV; 2) Adding electrical loads or re-sequencing the emergency diesel generator loads can reduce the motor terminal voltage; and 3) power uprate conditions may result in an increase in the MOV ambient temperature used to determine the available motor torque.
Comprehensive guidance is required to address replacement, repair, or maintenance activities. Defining routine maintenance activities that have no or minor impact on the DBVT inputs is a significant first step. Other maintenance activities will need to be evaluated if they potentially impact one of the following DBVT inputs or outputs:
1. System, environmental, or operational requirements and conditions. 2. Actuator characteristics that are used to determine the actuator output capability. 3. Valve characteristics that are used to determine the valve required thrust/torque. 4. Actuator-to-valve interface characteristics that are used to determine the torque-to-thrust conversion efficiency for rising stem valves.
Under legacy MOV programs, most plants developed change-management controls and guidance to address revisions to operating procedures, system modifications, and MOV work activities to assess impact on the valve required thrust or torque and actuator output capability. The level of evaluation and/or post-activity testing is defined for most common MOV maintenance activities. However, under Appendix III, plants will be required to more exactly identify which performance parameter is expected to be affected by the activity to support observed deviations between new and previously established reference test values. Appendix III also specifies requirements to more formally document these evaluations.
SUMMARY
An understanding of the various DBVT, preservice test, and inservice test inputs and outputs provides a framework to identify the dependencies among these Appendix III testing activities and the impact of replacement, repair, or maintenance. In addition, gaps between legacy MOV programs and Appendix III requirements can also be more easily identified and addressed. Figure 1 summarizes the various inputs and outputs presented in this paper.
